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Background: Giardia lamblia is one of the most important intestinal parasites. The aim of this study was to measure 
serum levels of IgA, IgE, zinc, copper, vitamin B12 and folate in individuals with giardiasis in comparison to normal 
subjects. 

Methods: The study was carried out among 49 Giardia positive and 39 age and sex matched healthy volunteers. 
Examination of stool samples was done by direct wet smear and formol-ether concentration method. Serum samples 
were obtained for further laboratory examination. IgA levels were measured by Single Radial Immune Diffusion 
(SRID). IgE levels were measured by ELISA kit. Zinc and copper levels was measured by Ziestchem Diagnostics Kit 
and colorimetric endpoint-method respectively. Vitamin B12 and folate levels were measured by DRG Diagnostics Kit 
and Enzyme Immunoassay method respectively. All data were analyzed using SPSS version 17. 

Results: There was a statistically significant difference in IgA, IgE, copper and zinc levels between positive and 
negative groups (P<0.05). There was no significant difference between vitamin B^and folate levels between the two 
groups. Mean values of Giardia positive and negative groups for IgA were 309.26 and 216.89 mg/dl, IgE 167.34 and 
35.49 IU/ml, copper 309.74 and 253.61 ug/dl and zinc 69.41 and 144.75 ug/dl respectively. 

Conclusion: The results showed levels of IgA may correlate more closely with giardiasis than IgE. Regarding trace 
elements, giardiasis elevated serum copper levels, while it decreased serum zinc. Finally, there was no significant 
difference in serum levels of vitamin B12 and folic acid between the two groups. 
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Abstract 



Introduction 



Intestinal parasites are still important a worldwide 
public health problem. Giardia lamblia is one of the 
important intestinal parasites that cause both acute 
and chronic diarrheal diseases in human (1). 
Symptomatic giardiasis is also characterized by 
epigastric pain, nausea, vomiting and weight loss 
(2). Giardia is a flagellated protozoa, has two 
forms, cyst and trophozoite. Infection is initiated 
by ingestion of cysts from contaminated food and 
water and by person-to-person contact. 
Trophozoits of Giardia colonize the lumen of the 



small intestine but do not invade the epithelium or 
deeper layers of the mucosa (3). Infections with 
Giardia are usually self-limited in immune 
competent individuals. Mucosal defenses against 
Giardia must act in the small intestine. Secretory 
antibodies against Giardia play a central role in 
anti-giardial defense and clearance of parasite. 
Patient deficient for the production of IgA, the 
major immunoglobulin in mucosal secretions, 
appear to have slighdy increased incidence of 
Giardia infections (3). 
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Immune responses to Giardia occur in the 
intestinal mucosa and a spectrum of inflammatory 
mechanisms company this infection (2-4). While it 
is well established that infection by intestinal 
helminths is frequently associated with immediate 
hypersensitivity reactions and eosinophilia can 
cause the polyclonal stimulation of IgE synthesis, 
the presence of an IgE response in giardiasis is 
not so clear. A number of reports have described 
the existence of allergic symptoms in persons with 
giardiasis. Elevated levels of serum IgE and 
eosinophilia have also occasionally been described 
in this infection (5). Despite wide research, the 
host response to infection remains enigmatic. 
Therefore, antibody assay is expected to be a 
useful marker in this field. 

Trace elements regulate key metabolic pathways, 
modulate the immune response, and suppress the 
incidence of various diseases (6, 7). The most 
important vital elements in human body are 
copper, zinc and iron. Zinc is necessary for the 
immune system functions. Zinc deficiency is 
associated with decline in lymphocyte, which leads 
to form acute diarrhea (8, 9). Zinc also helps in 
production of antibodies and T-cell and other 
blood cell activity (9, 10). Copper is essential for 
the production of red blood cells, hemoglobin 
formation and absorption of iron, and for the 
activity of various enzymes (8) (11). However, the 
association between trace elements and giardiasis 
has rarely been investigated. 

Vitamin B 12 and folate deficiency are related to cell 
proliferation and anemia. Also vitamin B 12 is 
involved in DNA synthesis (12). Giardia lamblia, 
colonizes in proximal small intestine where these 
two vitamins are absorbed. Thus, giardiasis may 
lead to B 12 and folate deficiency (13). The purpose 
of this study was to investigate serum levels of 
IgA, IgE, copper, zinc, B 12 and folate in giardiasis 
in comparison to normal subjects. 

Materials and Methods 

The study was carried out at the Health Center 
Clinics and Children's Hospital of Tehran 
University of Medical Sciences, during 2009-2010. 



Questionnaires were obtained from individuals 
attended the mentioned centers. Stool samples 
were collected in sterile clean stool cups from all 
volunteers. Examination of fecal samples for 
detection of Giardia cyst and/or trophozoite was 
done by direct wet smear and formol-ether 
concentration method immediately (8). Among 
these volunteers a total of 49 positive individuals 
for Giardia lamblia were enrolled as study (positive) 
group. The control group consisted of 39 age and 
sex matched healthy volunteers according to the 
criteria described in the questionnaire. Serum was 
obtained from both groups and kept in-70 0 C 
freezer for further immunological and biochemical 
laboratory examination. IgA levels were measured 
by Single Radial immune diffusion (SRID). IgE 
levels was measured by IgE ELISA (Enzyme- 
Linked immunosorbent assay)kit. IgE levels was 
measured by Elisa reader at 450nm (ELX800 
BIOTEK,USA). Zinc and copper levels were 
measured by Ziestchem Diagnostics Kit (REF 10- 
517, 5-Br-PAPS, REF 10-546, 3, 5-DiBr-PAESA 
reagent respectively, and colorimetric endpoint- 
method. Then were read by spectrophotometer 
(PD-303 APEL, Japan)at 546 nm and 578nm 
respectively. Vitamin B 12 and folate levels were 
measured by DRG Diagnostics Kit REF RIA- 
1990 (Germany) and Enzyme Immunoassay 
method. Data were analyzed by SPSS version 17. 

Results 

Results of the study are summarized in Table 1, 2 
and 3. In Table 1 mean serum levels of 
immunological and biochemical parameters were 
compared between Giardia positive and Giardia 
negative individuals. There was a significant 
difference between serum IgA and IgE levels in 
both groups (P=0.001). Furthermore zinc levels in 
Giardia positive is remarkably lower than Giardia 
negative group (P=0.001). In addition, there was a 
significant difference between serum copper levels 
between both the groups (P=0.003). Normal 
ranges of Immunoglobulins, copper, zinc, vit. B 12 
and folate levels and distributions of Giardia 
positive (GP) and Giardia negative (GN) was 
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shown in Table 2. It presents classification of 
results according to each of the parameters, 
international normal ranges ( 8, 14). 
Immunoglobulins, copper, zinc, vit. B 12 and folate 
levels of Giardia positive and negative were 
divided into 3 groups, decreased, normal and 
increased levels (Table 3). Results for IgA in 
Giardia positive group showed 24.5% of all the 
cases were in normal range while in 75.5% of the 
cases IgA levels was increased. In Giardia negative 
group, 68.4% of the cases were in normal range 
and 31.6% showed increased IgA levels. Results 
for IgE in Giardia positive group showed 70.6% 
of the cases were in normal range whereas in 
29.4% of the cases IgE levels were increased. In 
Giardia negative group, 97.4% of the cases were in 
normal range and 3.6% showed increased IgE 
levels. For copper, in Giardia positive group, we 
found 9.1% decreased, 31.8% normal, 59.1% 
increased, whereas in Giardia negative 



group, 17. 9% of the cases were in normal range 
and 82.1% showed increased levels. 



Table 1: Mean serum levels of biochemical & 
immunological parameters in Giardia positive 
(GP) and Giardia negative (GN) groups 



Parameters 


Giardia 


Giardia 


P 




Positive 


Negative 


values 




(GP) 


(GN) 




Serum zinc 


69.41±5.61 


144.75110.71 


0.001 


(Mg/dl) 
Serum cu 


309.74159.12 


253.61120.77 


0.03 


(Mg/dl) 
Serum IgA 


309.26117.51 


216.89123.74 


0.001 


(mg/dl) 
Serum IgE 


167.34131.99 


35.4916.53 


0.001 


(IU) 

Serum B12 


340.28141.20 


341.10146.85 


0.301 


Serum folic 


7.0910.28 


8.7711.34 


0.150 



Table 2: Normal ranges of immunoglobulins, copper, zinc, vit. B 12 and folate levels and distributions of 

Giardia positive(GP) and Giardia negative (GN) 



Parameters 


IgA 


IgE 


Cu 


Zn 


B12 


Folate 




<230 mg / 


11-188 


70-155 


63.8-114 


160 -970 


1.5-17 


Normal 


dl 


IU/ml 


Mg/dl 


Mg/dl 


Pg/dl 


g/ml 


ranges 
















GP GN 


GP GN 


GP GN 


GP GN 


GP GN 


GP GN 


Patient No. 


n=49 n=38 


n=51 n=39 


n=44 n=39 


n=48 n=39 


n=20 n=10 


n=20 n=10 



Table 3: Distribution of immunoglobulins, copper, zinc, vit. B 12 and folate levels of Giardia positive (GP) 
and Giardia negative (GN) groups according to international normal ranges 

Parameters IgA IgE Cu Zn B12 Folate 

GP GN GP GN GP GN GP GN GP GN GP GN 



Decreased - - n=4 n=0 n=4 n=0 n=4 n=0 n=4 n=0 

9.1% 0.0% 50% 0.0% 10% 0.0% 0.0% 0.0% 

Normal n=12 n=26 n=36 n=38 n=14 n=7 n=18 n=17 n=18 n=10 n=20 n=9 

24.5% 68.4% 70.6% 97.4% 31.8% 17.9% 37.59 43.6% 90% 100% 100% 90% 

Increased n=37 n—12 n=15 n=l n=26 n=32 n=6 n=22 n=0 n=0 n=0 n=l 

75.5% 31.6% 29.4% 3.6% 59.1% 82.1% 12.5% 56.4% 0.0% 0.0% 0.0% 10% 



Furthermore, in 28.0% of Giardia positive group, 
cooper levels were much higher than the normal 
range (>300[xg/dl), on the other hand in Giardia 



negative group, 15.28% of cases had copper levels 
much higher than the normal range. For zinc, in 
Giardia positive and negative groups we found 



49 



Available at: http:/ /ijph.tums.ac.ir 



Zarebavani et at: Serum levels of Zinc, Copper, Vitamin B12, Folate 



12.5% and 56.4% increased, 37.5% and 43.6% in 
normal range and 50.0% decreased respectively. 
In Giardia negative group no decrease in zinc 
levels was observed. Furthermore for Vit B 12 
levels, in Giardia positive group, we found 10% 
decreased and 90% in normal range, whereas in 
Giardia negative group, 100% of the cases were in 
normal range. Results for folate in Giardia positive 
group showed 100% of the cases were in normal 
range. In Giardia negative group, 90% of the cases 
were in normal range while 1 0% showed increased 
folate levels. 

Discussion 

Intestinal parasitic infection is, still, an important 
public health problem, mainly in specific 
geographical areas and among people with specific 
socio-economic status (13). Secretory antibodies 
of the IgA are important candidate for immune 
defense against Giardia, because they are secreted 
in large quantities into the intestinal lumen and 
their actions are antigen-specific (2). In a study it 
was suggested that anti-giardial IgA may exert 
cytotoxic effects on G.lamblia (15) .Previous studies 
has shown an increase in IgA levels while others 
did not(l 5-1 8). However few studies have focused 
on this matter. 

IgE is an antibody which plays an important role 
in allergy and is especially associated with type 1 
hypersensitivity (19). IgE has also been implicated 
in immune system responses to most parasitic 
worms (20) and may be important during immune 
defense against certain protozoan parasites (21). 
The interaction between IgE-dependent mast cell 
reaction has been involved primarily to localize 
eosinophils near the parasite and then enhance 
their anti-parasitic effects (22, 23). However, 
increased IgE levels occasionally occur in 
giardiasis (24, 25). An IgE level is affected by age, 
sex, race, smoking habits and socio-economic 
conditions. It may also vary from country to 
country (22, 26-30). Several studies have been 
published on serum IgE levels in subjects with 
helminthic and/or protozoan infections (22, 24, 
25, 31, 32) .Many investigations showed an 
increased IgE concentration in patients with 



parasitic infections. IgE elevation is higher in 
worm infection than those of protozoan (2, 22, 
24). In another study it was observed significant 
increase IgE levels in patients with giardiasis 
which was decreased after treatment (25). 
Furthermore, serum IgE levels elevation has been 
reported in helminthic more than protozoan 
infections (33). However in a previous research 
there was no increase in IgE levels in intestinal 
parasitic infection (34). 

In this study in Giardia-positive group, we found 
75.5% increase in IgA level whilst in Giardia 
negative group we found 31.6% increase. This 
finding shows the importance of IgA level in 
individuals with proven giardiasis. Moreover, it 
seems results for IgE levels were more useful tool 
for determining giardiasis (29.4% increases in 
Giardia positive versus 2.6% increase in Giardia 
negative group). 

Elements such as zinc and copper are vital for 
growth, reproduction and development (35). They 
are components of some cellular enzyme; in 
several immune processes they play an important 
role in the resistance to free radical damage by 
stabilizing the cellular membrane (6). Low serum 
levels of copper and zinc could cause impairment 
in cellular and enzymatic functions (35). Zinc is an 
element which cannot be stored in the body and 
therefore it can easily decline in infective diseases 
(8). Serum zinc levels were lower during 
protozoan infections. In addition, elevations of 
serum copper levels are observed in most of the 
acute and chronic parasitic infections (8). In 
several studies conducted regarding trace elements 
in giardiasis has shown a significant decrease in 
zinc levels while there was an obvious increase in 
copper levels (36-39). However in few reports 
there was no significant difference in serum 
between the two groups (39-41). In this study, we 
found a decrease in zinc levels in 50% of Giardia 
positive group. In addition, there was a significant 
increase in copper levels in 59.1% of Giardia 
positive group. Results obtained in our study are 
compatible with other researchers. As it was 
mentioned above zinc cannot be stored in the 
body therefore it could be easily declined in the 
serum. However, 90% of serum copper is stored 
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in the bound form to the ceruloplasmin. 
Elevations of serum copper levels are observed in 
most of the infections in relation to fluctuations 
of ceruloplasmin as an acute phase reactant. 
Vitamin B 12 is involved in the synthesis of 
important biochemical transmitters in the brain 
and nervous system. Vitamin B 12 is involved in the 
synthesis of DNA. It is especially important 
during growth and cell proliferation (42). Vitamin 
B 12 is important in transport and storage of folate 
in the cells (43). Folate is also very important in 
cell division and DNA synthesis. Folate must be 
digested by pancreatic juice in duodenum, where 
G. lamblia usually colonizes (44, 45). Damage of 
intestinal epithelium occurs by adherent 
trophozoites of G. lamblia. It has been proposed 
as one important mechanism in the pathogenesis 
of infection (46). Giardiasis can cause vitamin B 12 
deficiency,, bowl inflammation and interfere in 
folate absorption (45,47-49). Few studies 
demonstrated folate and B 12 deficiency due to 
giardiasis (49, 50). However some reports found 
normal absorption of folate during G. lamblia 
infection (50, 51). In this study, no significant 
difference was observed between the Giardia 
positive and Giardia negative groups. 

Conclusion 

Our results showed levels of IgA may correlate 
more closely with giardiasis than IgE. Regarding 
trace elements, giardiasis elevated serum copper 
levels, while it decreased serum zinc. Finally, there 
was no significant difference in serum levels of 
vitamin B 12 and folic acid between the two groups. 
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